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Edited by Beat ImhofAbstract We investigated the eﬀect of several amino acids on
the secretion of such inﬂammatory cytokines as interleukin-8
(IL-8) induced by hydrogen peroxide or tumor necrosis factor-al-
pha (TNF-a) in intestinal epithelial-like Caco-2 and HT-29 cells.
We found that histidine, one of the conditionally essential amino
acids, signiﬁcantly inhibited both hydrogen peroxide- and TNF-
a-induced IL-8 secretion and mRNA expression in Caco-2 cells
and HT-29 cells. These inhibitions were dose dependent and
the inhibition rate of hydrogen peroxide-induced IL-8 secretion
reached more than 50% at a concentration of 25 mM, with over
95% inhibition at a concentration of 50 mM. TNF-a increased
the transcriptional activity of the IL-8 promoter which was sig-
niﬁcantly inhibited by treating Caco-2 cells with histidine. Histi-
dine also abolished the NF-jB-dependent activation of the IL-8
promoter induced by TNF-a. These results indicate that histidine
inhibited the hydrogen peroxide- and TNF-a-induced IL-8 secre-
tion at the transcriptional level in intestinal epithelial cells, sug-
gesting that histidine has the potential to attenuate intestinal
inﬂammation.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Intestinal epithelial cells absorb dietary nutrients and form a
monolayer as a physical barrier against xenobiotics. These cells
also secrete cytokines and chemokines responding to bacteria,
toxins, chemical stimuli, and oxidative stress that play impor-
tant roles in the mucosal immune response [1–3]. For example,
oxidative stress in intestinal epithelial cells has been shown to
promote the production of several cytokines, including inter-
leukin-8 (IL-8), interleukin-6 (IL-6), interleukin-1beta (IL-1b)
and tumor necrosis factor-alpha (TNF-a) [1]. While the secre-
tion of inﬂammatory cytokines like IL-8 may be an integral
part of the immune response, disregulation of these cytokines
balance plays a key role in the pathogenesis of inﬂammatoryAbbreviations: IL-8, interleukin-8; IL-1b, interleukin-1beta; TNF-a,
tumor necrosis factor-alpha; NF-jB, nuclear factor-kappaB; AP-1,
activator protein-1; C/EBP, CCAAT/enhancer binding protein; IBD,
inﬂammatory bowel disease
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doi:10.1016/j.febslet.2005.07.038bowel diseases (IBDs), encompassing Crohns disease and
ulcerative colitis [4–6]. Hence, mechanisms that control the
secretion of pro-inﬂammatory cytokines are important to
maintain normal intestinal steady state [5,6].
Interleukin-8, a member of the C–X–C chemokine fam-
ily, plays an important role in the recruitment and activa-
tion of neutrophils. IL-8 is produced by a variety of cell
types; not only such immune cells as macrophages and
lymphocytes, but also non-immune endothelial cells and
epithelial cells take part in this function [7]. IL-8 produc-
tion in intestinal epithelial cells is increased in response to
pro-inﬂammatory cytokines such as TNF-a [8,9] and IL-1b
[1], or to oxidative stress such as that by hydrogen perox-
ide [1,10]. The production of IL-8 is initially regulated at
the level of gene transcription through the binding of acti-
vated transcription factors to speciﬁc gene promoter regu-
latory elements. The promoter region of the IL-8 gene
contains potential binding sites for the nuclear factor-kap-
paB (NF-jB), activator protein-1 (AP-1), and CCAAT/
enhancer binding protein (C/EBP) transcriptional factors
[11–13]. Among these, the NF-jB site has been found to
be a functionally important regulatory element for IL-8
gene expression in human epithelial cells [14].
The supply of speciﬁc nutrients could contribute to the
modulation of gut inﬂammation and cytokine production.
Among dietary nutrients, we focused on amino acids, espe-
cially histidine, in the present study. Histidine is one of
the most common natural amino acids and is referred to
as a conditionally essential amino acid, because adults gen-
erally produce an adequate amount of histidine, although
children cannot [15]. Dairy products, meat, poultry, and
ﬁsh are good sources of histidine. Histidine has long been
known as a fairly eﬃcient scavenger of both the hydroxyl
radical and the non-radical toxic oxygen species, singlet
oxygen [15]. Dipeptides containing histidine such as carno-
sine and anserine appear to play an antioxidative role in
muscle, brain, and other tissues [16,17]. Even though histi-
dine is well known as an eﬃcient scavenger of the hydro-
xyl radical and singlet oxygen, its biological activity at the
cellular level is not yet fully understood.
We therefore investigated in the present study the eﬀect of
histidine on hydrogen peroxide- and TNF-a-induced IL-8
secretion by human intestinal epithelial cells. The human colon
cancer cell lines, Caco-2 and HT-29, which have been estab-
lished as models for the human intestinal epithelium, were used
in this study. The regulatory mechanism of IL-8 secretion by
histidine was also investigated.blished by Elsevier B.V. All rights reserved.
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2.1. Materials
The Caco-2 and HT-29 cell lines used in this work were obtained
from the American Type Culture Collection (Rockville, MD, USA).
Dulbeccos modiﬁed Eagles medium (DMEM) and fetal calf serum
(FCS) were purchased from Sigma (St. Louis, MO, USA). Histidine
was from Nacalai Tesque (Kyoto, Japan). Penicillin–streptomycin
(10000 U/ml and 10 mg/ml in 0.9% sodium chloride, respectively)
and non-essential amino acids were purchased from Gibco (Gaithers-
burg, MD, USA). Recombinant human IL-8, the monoclonal anti-
human IL-8 antibody, and biotinylated anti-human IL-8 antibody
were all purchased from Genzyme Techne (Cambridge, MA, USA).
Recombinant human IL-1b was purchased from Pepro Tech (London,
UK) and QuantiTect SYBR Green for real-time polymerase chain
reaction (PCR) was from Qiagen (Tokyo, Japan).2.2. Cell culture
Caco-2 and HT-29 cells were each cultured in DMEM containing
10% fetal calf serum, 1% non-essential amino acids, 2% glutamine
and an appropriate amount of penicillin–streptomycin. The cells were
incubated at 37 C in a humidiﬁed atmosphere containing 5% CO2 and
95% air. The Caco-2 cells at passages 30–60 and HT-29 cells at pas-
sages 20–45 were each seeded in 24-well culture plates at a density of
2 · 105 cells/well and cultured with a freshly prepared medium that
was changed every other day. Both cells were cultured for 14 days be-
fore their use in the subsequent experiments.2.3. Measurement of the IL-8 secretion
Caco-2 and HT-29 cells that had been grown to conﬂuence in 24-well
plates were treated with hydrogen peroxide or TNF-a for 24 h in the
presence or absence of histidine. The culture medium was collected
and the level of IL-8 secretion by each was determined by an en-
zyme-linked immuno-sorbent assay (ELISA).
2.4. Real-time PCR for IL-8 mRNA
After incubating with hydrogen peroxide or TNF-a for 3 h in the
presence or absence of histidine in 12-well plates, total RNA was
extracted from the Caco-2 and HT-29 cells by using Isogen (Nippon
Gene, Tokyo, Japan) according to the manufacturers instructions.
First-strand cDNA was prepared from 5 lg of total RNA. A real-time
PCR was performed with SYBR Green. After denaturing at 95 C for
15 min, PCR was performed for 40 cycles, each of which consisted of
denaturing at 95 C for 15 s, annealing at 56 C for 15 s, and extension
at 72 C for 10 s. The following PCR primers for IL-8 (118 bp) and
b-actin (160 bp) were used: Human IL-8 sense, 5 0-AGAGTGATT-
GAGAGTGGACC-30; human IL-8 antisense, 5 0-ACTTCTCCACAA-
CCCTCTG-3 0; b-actin sense, 5 0-CCACGAAACTACCTTCAAC-3 0;
and b-actin antisense, 5 0-GATCTTCATTGTGTGCTGGG-3 0.
There was no signiﬁcant eﬀect of the hydrogen peroxide or TNF-a
treatment on the b-actin expression at any stage, indicating that b-
actin could be used as a stable housekeeping gene throughout the
experiment.Fig. 1. Eﬀect of amino acids on the hydrogen peroxide-induced IL-8 secretio
(B) were treated with amino acids and hydrogen peroxide (2 mM) for 24 h. Th
by ELISA. Each value is the mean ± S.D. (n = 3).2.5. Transfection and luciferase reporter assay
Caco-2 cells were transiently transfected by the calcium phosphate
DNA coprecipitation method in 12-well plates at 80% conﬂuency with
the pGL3-basic vector (Promega, Tokyo, Japan) containing the IL-8-
promoter region (300 to +50 bp) or pGL3-promoter vector (Prome-
ga, Tokyo, Japan) containing four binding sites of NF-jB upstream of
the luciferase gene. Cells treated with TNF-a alone or with a combina-
tion of TNF-a and histidine for 24 h were washed with PBS and lysed
with a passive lysis buﬀer. The luciferase activity was determined by
using the Dual-Luciferase Reporter assay (Promega, Tokyo, Japan)
with an LB 9507 Lumet luminometer (Berthold Technologies).
2.6. Statistical analyses
Each data value is expressed as the mean ± S.D. Data were analyzed
by Students t-test for multiple variable comparison. A P value of less
than 0.05 or 0.01 is considered signiﬁcant.3. Results
3.1. Eﬀect of amino acids on the hydrogen peroxide-induced IL-8
secretion in human intestinal Caco-2 and HT-29 cells
IL-8 is a major pro-inﬂammatory cytokine and seems to be
important in intestinal inﬂammatory diseases such as IBD [3–
5]. Intestinal epithelial cell lines such as Caco-2 and HT-29 are
known to spontaneously secrete IL-8 [8]. Non-stimulated
Caco-2 and HT-29 cells, respectively, released 20.37 ± 0.21
and 500.42 ± 9.75 pg/ml of IL-8 (data not shown). The level
of IL-8 secretion by both cell lines was signiﬁcantly increased
by the addition of hydrogen peroxide (Fig. 1). We therefore
examined whether or not some of the amino acids could sup-
press the hydrogen peroxide-induced IL-8 secretion. Caco-2
cells and HT-29 cells were each treated with 2 mM hydrogen
peroxide alone or together with amino acids for 24 h, and
the culture medium was collected for a cytokine determination
by ELISA. Histidine showed the extremely inhibitory eﬀect on
hydrogen peroxide-induced IL-8 secretion by Caco-2 cells
(Fig. 1A). GABA, proline, taurine and lysine also slightly
but signiﬁcantly inhibited this hydrogen peroxide-induced
IL-8 secretion, whereas alanine and glutamine had no such sig-
niﬁcant eﬀect (Fig. 1A). To reveal whether the inhibitory eﬀect
of these amino acids was apparent in other human intestinal
epithelial cell lines, these amino acids were also applied to hu-
man intestinal HT-29 cells to examine the eﬀect on hydrogen
peroxide-induced IL-8 secretion. As shown in Fig. 1B, histi-
dine also markedly inhibited the hydrogen peroxide-induced
IL-8 secretion from HT-29 cells in a dose-dependent manner.n by human intestinal epithelial cells. Caco-2 cells (A) and HT-29 cells
e culture medium was collected and the amount of IL-8 was determined
Fig. 2. Inhibitory eﬀect of histidine on hydrogen peroxide-induced IL-8 secretion. Caco-2 cells (A) and HT-29 cells (B) were treated with various
concentrations of histidine and hydrogen peroxide (2 mM) for 24 h. The culture medium was collected and the IL-8 level was determined by ELISA.
Each value is the mean ± S.D. (n = 3). \ corresponds to P < 0.05, \\ corresponds to P < 0.01 versus hydrogen peroxide.
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fect on the hydrogen peroxide-induced secretion of IL-8.
3.2. Inhibitory eﬀect of histidine on the hydrogen
peroxide-induced IL-8 secretion by human intestinal
Caco-2 and HT-29 cells
To characterize the inhibitory eﬀect of histidine on the
hydrogen peroxide-induced IL-8 secretion, we treated Caco-2
cells and HT-29 cells with 2 mM hydrogen peroxide alone or
together with various concentrations of histidine for 24 h.
Fig. 2A shows that histidine inhibited the hydrogen perox-
ide-induced secretion of IL-8 by Caco-2 cells in a dose-depen-
dent manner, the inhibition rate reaching more than 48% at a
concentration of 10 mM and over 78% inhibition at a concen-
tration of 25 mM. Similar ﬁndings were observed with HT-29
cells (Fig. 2B); histidine signiﬁcantly inhibited the hydrogen
peroxide-induced IL-8 secretion from HT-29 cells by 26.8%
and 46.8% at respective concentrations of 10 and 30 mM.
3.3. Inhibitory eﬀect of histidine on the TNF-a-induced IL-8
secretion by human intestinal Caco-2 and HT-29 cells
The eﬀect of histidine on the TNF-a-induced IL-8 secretion
is shown in Fig. 3. Increasing the histidine concentration from
1 to 50 mM decreased the IL-8 secretion by TNF-a. The statis-Fig. 3. Inhibitory eﬀect of histidine on TNF-a-induced IL-8 secretion. Caco-2
or 100 ng/ml) for 24 h. The culture medium was collected and the IL-8 lev
\ corresponds to P < 0.05, \\ corresponds to P < 0.01 versus TNF-a.tically signiﬁcant inhibition of IL-8 secretion by histidine was
observed at 5 mM and higher concentrations in Caco-2 cells.
In the presence of 50 mM histidine, the TNF-a-induced IL-8
secretion by Caco-2 cells was reduced from 251.65 ± 8.01 to
93.99 ± 1.80 pg/ml. To examine whether or not the inhibitory
eﬀect of histidine on TNF-a-induced IL-8 secretion also oc-
curred with HT-29 cells, the eﬀect of histidine on IL-8 secretion
by this cell line was studied. Since the sensitivity of HT-29 cells
to TNF-a was much higher than that of Caco-2 cells, stimula-
tion of HT-29 cells was performed at a TNF-a concentration
of 1 ng/ml. As shown in Fig. 3B, histidine had a similar sup-
pressive eﬀect on HT-29 cells. Histidine inhibited the stimu-
lated secretion of IL-8 in a dose-dependent manner, the
inhibition rate reaching 30.2% at a concentration of 50 mM.
3.4. Eﬀect of histidine on the hydrogen peroxide-induced IL-8
mRNA expression in Caco-2 and HT-29 cells
We next examined the eﬀect of histidine on the hydrogen
peroxide-induced increase in IL-8 mRNA expression by using
real-time PCR. Since IL-8 mRNA expression was detected as
early as 1 h and peaked at 3 h, Caco-2 cells and HT-29 cells
were treated for 3 h with various concentrations of histidine
and hydrogen peroxide. As shown in Fig. 4A, histidine inhib-
ited the hydrogen peroxide-induced expression of IL-8 mRNAcells (A) and HT-29 cells (B) were treated with histidine and TNF-a (1
el was determined by ELISA. Each value is the mean ± S.D. (n = 3).
Fig. 4. Eﬀect of histidine on hydrogen peroxide-induced IL-8 mRNA expression in Caco-2 cells (A) and HT-29 cells (B). Total RNA from the cells
was extracted after incubating with histidine and hydrogen peroxide (2 mM) for 3 h. First-strand cDNA was prepared from 5 lg of total RNA. A
real-time PCR analysis was performed with SYBR Green, b-actin being used as a stable housekeeping gene. Each value is the mean ± S.D. (n = 3).
\ corresponds to P < 0.05, \\ corresponds to P < 0.01 versus hydrogen peroxide.
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concentration of 25 mM, with over 80% inhibition at a concen-
tration of 50 mM. A similar suppressive eﬀect of histidine was
also observed in HT-29 cells (Fig. 4B).
3.5. Eﬀect of histidine on the TNF-a-induced IL-8 mRNA
expression in Caco-2 and HT-29 cells
Fig. 5 demonstrates the eﬀect of varying concentrations of
histidine on the TNF-a-induced IL-8 mRNA expression in
Caco-2 cells and HT-29 cells. Dose-dependent inhibition of
IL-8 mRNA expression by histidine was observed, this being
statistically signiﬁcant at 25 mM and higher histidine concen-
trations. Inhibition of 62.6% and 56.5% of IL-8 mRNA expres-
sion was, respectively, observed in Caco-2 and HT-29 cells
when the cells were treated with 50 mM histidine (Fig. 5).
3.6. Eﬀect of histidine on the TNF-a-induced transcriptional
activity of the 5 0-ﬂanking region of the IL-8 gene in Caco-2
cells
To determine whether the suppressive eﬀect of histidine on
the hydrogen peroxide- and TNF-a-induced secretion andFig. 5. Eﬀect of histidine on TNF-a-induced IL-8 mRNA expression in Caco-
after incubating with histidine and TNF-a (1 or 100 ng/ml) for 3 h. First-st
analysis was performed with SYBR Green, b-actin being used as a stable hou
P < 0.05, \\ corresponds to P < 0.01 versus TNF-a.mRNA expression of IL-8 was due to attenuated activation
of the IL-8 promoter, we investigated the activation of the
IL-8 promoter by measuring the promoter activity with a lucif-
erase reporter assay after transient transfection into Caco-2
cells. When the Caco-2 cells transfected with the Luc-reporter
plasmid were used, hydrogen peroxide treated for 24 h caused
damage of the cells, so we used only TNF-a to measure lucif-
erase activities. Cells treated for 24 h with TNF-a showed
about a 4-fold increase in luciferase activity, and co-treatment
with histidine and TNF-a had a signiﬁcant inhibitory eﬀect
(Fig. 6). Histidine completely inhibited TNF-a-induced activa-
tion of the IL-8 promoter at a concentration of 50 mM. This
result suggests that histidine suppressed the IL-8 induction
by TNF-a at the transcriptional level.
3.7. Histidine inhibits the TNF-a-induced transcriptional
response mediated by NF-jB
The transcriptional activity of the human IL-8 promoter is
understood to be regulated by various transcriptional factors
including AP-1, NF-jB, and C/EBP. Among these, we partic-
ularly focused on NF-jB and investigated the eﬀect of histi-2 cells (A) and HT-29 cells (B). Total RNA from the cells was extracted
rand cDNA was prepared from 5 lg of total RNA. A real-time PCR
sekeeping gene. Each value is the mean ± S.D. (n = 3). \ corresponds to
Fig. 6. Eﬀect of histidine on TNF-a-induced transcriptional activity of
the 5 0-ﬂanking region of the IL-8 gene in Caco-2 cells. Caco-2 cells
cotransfected with the pGL3-basic vector containing the IL-8 pro-
moter region (C/EBP and AP-1, NF-jB) and pRL-CMV were treated
with histidine and TNF-a for 24 h. The transcriptional activity was
estimated by a luciferase assay. Each value is the mean ± S.D. (n = 4).
\ corresponds to P < 0.05, \\ corresponds to P < 0.01 versus TNF-a.
Fig. 7. Histidine inhibits the TNF-a-induced transcriptional response
mediated by NF-jB. Caco-2 cells cotransfected with the pGL3-
promoter vector containing four binding sites of NF-jB and pRL-
CMV were treated with histidine and TNF-a for 24 h. The activity of
NF-jB was estimated by a luciferase assay. Each value is the
mean ± S.D. (n = 4). \ corresponds to P < 0.05, \\ corresponds to
P < 0.01 versus TNF-a.
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duced by TNF-a by using the pNF-jB · 4-luc reporter vector.
This reporter construct contains four tandem copies of the
NF-jB consensus-binding site (5 0-TGGAATTTCCTCT-3 0)
upstream of the SV40 promoter. The increase in luciferase
activity was approximately 2-fold after a 24 h incubation with
TNF-a. As shown in Fig. 7, co-treatment of the cells with his-
tidine and TNF-a completely inhibited the activation of the
luciferase activity induced by TNF-a.4. Discussion
The immune cells, including intestinal epithelial cells, se-
crete inﬂammatory chemical mediators such as cytokines,vasoactive amines, eicosanoids, complements, reactive oxy-
gen species (ROS), and nitro-oxide metabolites in response
to bacteria, toxins, chemical stimuli, and oxidative stress
[18–20]. Peterson et al. [21] have reported that L-histidine
protected the mouse small intestine from Salmonella
typhimurium-induced damage. They demonstrated that the
eﬃcacy of L-histidine in protecting the infected intestinal tis-
sue was attributable to the antioxidative capacity of L-histi-
dine on ROS formed in response to lipopolysaccharide
(LPS). Further, Peterson et al. [22] have shown that L-histi-
dine also reduced the cholera toxin-induced PGE2 activity in
the mouse small intestine. The anti-inﬂammatory eﬀects of
histidine are mediated by the inhibition of PGE2, one of
the eicosanoids, and ROS production by inﬂammatory cells.
Peterson et al. have assessed the eﬀect of histidine on ani-
mals and focused on the antioxidative capacity of L-histi-
dine, although they did not report any modulation of
inﬂammatory cytokine. The role of histidine on cytokine
secretion and its regulatory mechanism have not previously
been reported. This present work is therefore the ﬁrst to
investigate and reveal the eﬀect of histidine on the hydrogen
peroxide- or TNF-a-induced IL-8 secretion from intestinal
epithelial cells.
IL-8 secreted by a variety of cells, including intestinal epithe-
lial cells, at the site of inﬂammation participates in the recruit-
ment and transmigration of leukocytes [7,23]. In the present
study, intestinal epithelial cells were stimulated with hydrogen
peroxide or pro-inﬂammatory cytokine TNF-a in order to mi-
mic the inﬂammatory responses. The spontaneous secretion of
IL-8 was dramatically enhanced in both intestinal epithelial
cell lines, Caco-2 and HT-29, by treating with hydrogen perox-
ide or with TNF-a. The hydrogen peroxide-induced IL-8 secre-
tion was inhibited more eﬀectively by histidine than by such
other amino acids as GABA, proline, taurine, and lysine
(Fig. 1A), whereas the hydrogen peroxide-induced IL-8 secre-
tion in HT-29 was only inhibited by histidine (Fig. 1B).
Although a diﬀerence among the kinds of amino acid in the
inhibition of IL-8 induction between Caco-2 and HT-29 has
not previously been revealed, histidine is likely to be the most
eﬀective, not only in a human intestinal-like cell line but also in
intestinal epithelial cells in vivo. Since histidine did not directly
scavenge hydrogen peroxide and superoxide anion ðO2 Þ gener-
ation in the hypoxanthine–xanthine oxidase system (data not
shown), the inhibition of hydrogen peroxide-induced IL-8
secretion by histidine would not have been due to the direct
conversion of H2O2 to H2O or O2 in medium. Huang et al.
[24], and Liboni et al. [25] have reported that glutamine down-
regulated the LPS-induced IL-8 secretion and expression in
Caco-2 cells. Several studies have demonstrated that taurine
chloramine and N-acetylcysteine modulated cytokine produc-
tion [26,27]. Our recent report suggests that carnosine, a
histidine-containing dipeptide, inhibited hydrogen peroxide-
induced IL-8 secretion in Caco-2 cells [28], whereas this present
study documents for the ﬁrst time the potent inhibitory eﬀect
of histidine itself on IL-8 secretion by intestinal epithelial cells.
Histidine also signiﬁcantly inhibited the TNF-a-induced IL-8
secretion in a dose-dependent manner (Fig. 3). While the inhib-
itory eﬀect of histidine can be observed in lower concentrations
as shown in Figs. 2 and 3, we used 50 mM histidine in the
experiments to shown the eﬀects more clearly. We have not
examined the concentration of histidine in the intestinal tract,
but fairly high concentrations of histidine would be present in
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amount of histidine in 100 g protein from beef (16 g nitrogen)
is approximately 3.7 g [15].
The regulatory mechanism for the suppression of intestinal
epithelial IL-8 secretion by histidine could be mediated at sev-
eral levels, including transcription, translation and degrada-
tion. Among them, we ﬁrst evaluated the eﬀect of histidine
on hydrogen peroxide- or TNF-a-induced IL-8 mRNA expres-
sion. Histidine signiﬁcantly inhibited both stimulant-induced
IL-8 mRNA expression in Caco-2 and HT-29 cells as, respec-
tively, shown in Figs. 4 and 5. Furthermore, the reporter assay
enabled us to conﬁrm that histidine was able to suppress the
TNF-a-induced activation of the human IL-8 promoter (Figs.
6 and 7). Co-treatment of Caco-2 cells with histidine and TNF-
a inhibited the NF-jB-dependent activation of the IL-8
promoter, suggesting that histidine inhibited the intracellular
signalling pathway, including that for NF-jB activation. These
results strongly suggest that the suppression of stimulant-
induced IL-8 production by histidine was performed at the
transcriptional level.
Transcriptional regulation of IL-8 genes is associated with the
activation of such nuclear transcription factors as NF-jB, AP-
1, and C/EBP [11–13]. NF-jB plays a central role in the regula-
tion of IL-8 [14]. The inactive form of NF-jB is retained in the
cytoplasm as a complex with inhibitory factors known as IjB. A
critical step in the regulation of NF-jB activity is the degrada-
tion of IjB which follows its phosphorylation by IjB kinase
(IKK). Thus, the degradation of IjB is an indirect marker for
the activation of NF-jB. Our preliminary experiments also
showed that the degradation of IjB protein caused by hydrogen
peroxide was completely blocked by the histidine treatment. It is
therefore suggested that histidine inhibited the induced NF-jB
activation by inhibiting the degradation of IjB. Further exper-
iments about the eﬀect of histidine upstream of IjB degradation
such as on the IKK activity are necessary. Moreover, TNF-a
increases NF-jB transactivation not only via the IKK pathway,
but also via the mitogen-activated protein (MAP) kinase signal-
ling pathway [29–31]. Amore detailed investigation on the tran-
scriptional regulation of IL-8 is also required to elucidate the
regulatory mechanism involved in this phenomenon.
Histidine is transported into cells by both neutral and basic
amino acid transport pathways, and the histidine concentra-
tion is much higher in cells than in the plasma [15]. Histidine
would therefore provide an anti-inﬂammatory eﬀect within
the cells. Our results indicate that the suppressive eﬀect of his-
tidine on IL-8 secretion was mediated at least at the transcrip-
tional level, the inhibition of NF-jB activation being involved
in this mechanism.
The present study indicates that histidine could be one of the
important anti-inﬂammatory factors, leading to the use of his-
tidine as a new compound to prevent or suppress intestinal
inﬂammation.
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